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e - s R © v T pEge 1 of 30 T
S . . SUMMARY ‘. - - . -
.| Module No:.. Module Title: N o
- . . . - . . s . ° ¢ . . « -
5 T 4 Natural Systems — . v .
-Submodu]es;\ . S ..
Approﬁ. Time: " Primitive Stgtes of Nature . o . . L
A 2. Aquatic Ecology ) :, . e
. 26 Hours a9l 3 water Pollution. .
: 0b3ect1ves . e o D!

, ‘Upon comp]etlon of th1s modu]e the part1c1pant should be able to: .

lakes, streams, and ground water. ,

Identify natural relationships and the effect of man. ° *

Identify po]]utantsu describe effects of pollution and exam1pe correct1ve
measures wh)ch may beStaken’to contro] water pollution. (

W

Instruct1onaL.A1ds.

.
o . . . .
' -

Handouts # 1, 2, 3, 4°'

Transparancies # 1 - 25 o ' o ) ' »ootr ,
' . o . ~ ’ - [
Instructional Approach: | ’ _ , , e
‘Lecture = . , ) . i :
Discussion : ; : J ’ - '
.Rf ; . . e - . \' ~ .« .
eferences: . . .( ’ . -
1. Re1d & Wood, Ecology 6f Inland Waters and Estuar1es, D.’ Van Nostrand Co s .
New York, 1976. . ,
\g. Ford & Monroe, Living Systems, Ganf1e]d Press, San Francisco, 1971 RS .
. Warren, Charles E., Biology and Water Po]Tut1on Control, w B.* Saunders Co. ,é
Philadelphia, Pa., 1971. ' . . -

" . . . 13

4. Mater Resources of Towa, 1970.
5. Sarai, Darshan, Ecology & Stream Pur1f1cat1on Water & Wastewater Techno]og1ca1
. ~School, Nepsho, Missouri:

6. Chanlett, Emil, Environmental Protection, McGraw H1]1 New York 1973 .,

7. " Lundquist, John B., A Primer on B§§n91ogx, Number 1, Marc 1976, Water Resourc s‘
sota ?

8.

9.

[~

Research Center, Un1vers1ty of Min
-8., "Walton, Groundwater Resource Evaluation, McGraw Hill, New York, 1970.
: : Groundwater and.Wells, Johnson Divisiopn UOP St Paui,q
M1nnesota, 1972 . . . ' .

Class Assjgnments: IR e T e

"Read Handouts
Work assigned problems

wr

1. Descr1be the natural cyc]es of nature and natura1 fresh water suppties 1nc1ud1ng .

L

.




. \T}ansparqgkies #1 - 6

I_n

Module No: Topic:,

SUMMARY

~

Instructor Nofes;‘g
. ‘o

-

.
RS

L4 - o
"

Instructor Outifne: . S -

.
K4

v .

Handodt # 1

-

. .
. ’

.

. .

Handout #2 .
' Transparaqcieg #7- 12

Handout #.éf

T;énsbénancies */3
C ) Voo
; Handout # 4 © <

~ [N

Transparancles # 1% - 25

»

' -

1.

3

' ~
Discuss and illustrate the physﬁca]'
propertie of\water and the hydrologic
cycle. S e

. N fﬂaﬁ

. A typical food chain -

. Nitrogen cycle ' W\
. Oxygen cycle’ ’
. Carbon cycle -
. Sulfur cycle , ot

Discuss and -diagram:

®Don oo

Give and work problems relating cycles
to food chain.

A}

Discuss and illustrate natural fresh water

supplies—including lakes, streams, and
ground water. i [

Discuss aquatic ecology with respeét to .

interrelationships of natural populations .
.and the effect man has had on the natural -

balance.

Discuss pollution with respact to history

.types, sources effect and corrective

measures.: _ (

3

-

b

-"'.




‘| Hodule Ho: | - 1 Module Title:
- Natural Systems ..

“ ...~ - P Submodule Titler

Primitive States of Nature

Approx. Time:

?Obit:

-
’

"1 hour-

Chemica]/Physical-Prbpekties of Water

-

1. ’—F - N . .t
ObJectives ) e - o

Yo

" Ypon comp]et1on of th1s module, the part1c1pant should be. ab]e‘tO'

31 1ustratef the water molecule. - L T

2. Describe to the instructor's sat1sfact1oh,¢the physical properties of;
water to include: . < T -

~.3§. Specific heat
b.. Density
c. . Solvent action .
« o+ d.: Syrface tension and cohesion

Instructional Aids: -~ .~
Handout #'1 . -
Transparancy # lo

3

t

'.lnstructipnal Approach:

Bl

Lecture .
--Discussion ..

References;

1, Reid. & Wood, Eco]ogy of In1and Waters and Estuar1es D/'Van Nostrand co. ,

# . New York, 1976. . v

‘t 2. Ford & Monroe, Living Systems, Canf1e1d Press, San Franc1sco, 1971, )

_3. Warrén, Charles E., Bjology & Water Pollution Control, W. 8. Saunders Co.,
Ph1&ade1ph1a, Pa., 1971. ., . o - )

- -
s e ) ..

Qlés;'Assiénnwnts;
Read Handout.# il
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N \c : ) . ‘ — - 1
(Modu‘e‘UO: Topic: X ’ . . °
. . oL . g . S
Chemical/Physical Properties of Water o ~ -
- - : . M )
Instryctor Notés: T [Hstrhctor~0ut{1ne: f,L ,
PO o . —
. . -, . -~ K/”_— - - .
Transparancy # 1 . s =T -
- t ; ] . \]
‘Handout #1 . .. o . IR by
1. Emphasize |, . ' 1. IMlustrate and discuss the structure -Or the
S P - water mo]ecu]e.
1. 'Structure ' . P . -
2. Bonding using 3 ‘. : .
. transparanc1es . . '
2. Emphas1ze concepts rather .] 2.  Discuss the physical propert1es of water .
than numbers Then relate ) 1nc1ud1ng, .
concepts to‘61v1ng systems. s ,
. . a. Specific heat - = . .
, b. Soivent action - .. . .
. , -« c .Dens1t1es CoTE, . - %
- d. Surface tension- and cohes1on .
. ‘ . \
- ' m’ i - ) ' ¢ N L
. » - < i il .
- » ;. - Y . N o
N - ‘ ' .
’ * i @ .
‘ : . k ) a . y ) -
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ModuleHo:

Module Titde: '

- IR ’ 4 Natural Systems )
.o T-Submodule Title: ) . EY
e r\s\' L. . . . . K ' )
. .| Primitive States of Nature R
Approx. Time: . i - .
N - Topic:
3 hdurs . |*Natural Cycles ' , -
; - _ (
’ObJectives . C,

1. I]lustrate the hydro]og1ca1 cyc]e

12

!

Upon comp]et1on of thig modu]e, the partqc1pant sh0u1d-be able to:

e

"1 +2. .Describe a typical food chain, limiting factors; and energy f]ow dependent

on surface water.

3. Demopstrate the re]at1onsh1p 6F: v
~a. Bacteria and plants ip the nitrogen cycle. - .
b« Plants and animals 1n the oxygen cycle. X ’
4. ¥llustrate: ’ .
B a." The carbon cycle.
, b: The sulfur-cycle. . @
N In§tructiona] Aids: X
Handout # 7 i ¢ g \
Transparanc1es #2, 3, 4 5, 6.
| R 3 ‘ . L o
** -tlnstructional Approach:. s ﬂ
Lecture_ - T
Discussion , ‘
- ' .
References ° o - ' ) -

\r

New York, 1976

Ph11ade]phia, Pa., 1971. - "

N

L

Y

-

1. Reid & Wdod, £cology of In]and Waters and Estuar1es, D. Van Nostrand Co.,

W..B. Saunders Co.,

"2. Ford & Monroe, Living Systems, Canfield Press, San Franclséo, 1971
3. MWarren, Charles E., Biology & Water Po]]ut10n Contro]

~ IClass Assignments; o
' ‘<:f"'Read Handout #-%j(’," .
- ’ S

,WOrg given prob em.””

; 1\"'
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1 Topic:, \ : _ _
. Natural Cycles - - K

¥
v

\ A\

Instructoy Motes:

A *

‘{ Instructor Odyiine: ' S\ ¢

gy

Hmd@t#l

3

\o \\ ’ “.
Emphasize relationships.

<

L4

}ranspérancies‘¥ 2,3, 8, 5,6

LI

. - \
.

— s

1. \;;Hustrate and discuss h;\rp]ogica] cycle
* ‘usiag the_terms:\> - L

.Precipﬁtazidh ’
MHater shed )
Percolation
Transpiration
Evaporation - \

p s 7 ( . .
Define food chain and diagram typical food
chains with diseussion of Limiting\Factars

' and-Energy Flow. :

D aomn oo

) % ‘e .,

3. Diagram'and disduss the:

al Nitrbgen-cfc]e v
b. Oxygen cycle ‘ .

M .

4:" DVagram and explain the:

a. &arboﬁ Eyc]e

. b. Sulfur cycle - \\

N . e . , “

5. Give and work a problem relating the five °
cycles discusSed-and the food- chain.

v . .
o o




. New York, 1976. _\& ..
2. " Ford & Monroe, Living Systems), Canfield P\:s San Francisco, 1971.

"’3.. Lundquist, John B., A Primer-on Limnology,\Number 1, March 1975, Water
: Resources l(esearch Q‘enter, Un1vers1ty of Mi nesot\a

-

” L

1. Reid & Wood, Ecology of Inland Waters and Estuaries, D. Van Nostrand Co.,

. \ ) o —— B e e e S e S e
. ‘\\ “‘ ) i ( * ) ‘
' R . . ‘ * ! ~
B g 1. _
. , \
\ ) \ Page 7 Zlaf 30
. . , L. . ' P —_
. ' Module No: © .} Module Title: * , C L. VAR .
B . © | petural ystems . ' o R
. . - 2 ¥
Vo ) Submodule\Title:" - St . S
\- o Primitive $tates .ef Nature - ‘ '~
. \ Approx. ]’nne: - — ) ] - .
v , S Topic ]
- 1 hour o] < ‘ .
. Natura1 Wat rs . ‘. -
T 7 - . , .. L2 ’ - ..
. Objectives? . ‘ _— (». ) .
' ) Upon co'mp1etion of this module, the participant should be able to:
3 s J .- .
i3 1. - Define the meaning of natural water. b
2. Relate solar radiation to color and turbidity. .
N 3. Describe: '’ .- < ,
: e .
. a. The function.of dissolved gasses in natura] waters.. '
AL b. Dissolved sdlids. . . .o
/ Instructional Aids: . e ,'k N . L ' )
\I © - N . N . ‘- .
: - | Handout #'2 PR : e
e ' . ) .
.. 1' ‘ ~
: - 7 , - . gt
\‘\} . ‘ / , k ,-, j i .
a Instructional Approach: - : ’
\I “Lecture " . ) T
». * Discussion . P
S B S N ’
' N .’--% o - -
References: ~- « - TN - 7 \ ;o M , .
N N >

-

\e‘_,{ .

Class Assignments: . ,
Read Handggut #2 .. .. . ‘ .. s ' !
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-

[Module no:

- Topie:
Natural Waters

¢ :

Instructor Notes:
N e

Y

~

Instructor Outiine

B

Handout # 2. , - B
C ST . - ‘ ~ .;
R y 1. _-Defipe natural waters. o
N ’ y = e *
. . 2. ° D1scuss so]ar radiation *and- describg how it ‘
Rk L raffects: ' ; )
. . ‘ > B
o e . .~} a. Color ., L
g ~ “~ "] b, Tdrbidity '
. = ,, c. Temperature in natura] waters
Emphasize: ’ ET 3. D1scuss the function of the various gasses’
-, - Y . dissolved in® natura? waters including a. . -
‘a.  Oxygen® 6"? . discussion of: - N
b. Carbon @idxife . - J ' '
. ' ﬁ‘ . a. 0x1dat1on Reduction Potent1a1
Men{ion other ggysses. g b. Chemical buffer1ng .capaci ty .
' 7 \ C. pH ‘
. ““ ﬁ T A ] . 4 s ’ ¢
. 5/ 4. Describe dissolved sp]ids and group into
f / ) 3 groups: " - '
: e - 2z _Total dissolved solids
N R . g bas” Other solids in salution . ) .
o | T - €7 Organics
: ' i
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: ’ v .o “P69~ei‘9' "of ‘30 =
Module Title: S e T e s

L Natural Sys.tems\ o Coey K .
| Sibmodule Title: - " R

‘Py:%miti,ve' States of Nature <L T e

Appro.x. Tt'me{ AT : — -~ e T -°.-
Do e Topic: e, D %&

.
- . . . <
. ¢ S

1 hour . Lakes L N , T ;

My d 3o

Objectives: ) J\V ? ' R ' oA e -~

[

‘Upon completion of this m du]ré,\t’n/e _barti.cipar.lt should be able to:

1. Diagram the annual temperature cycle of a natural Take. ) L R
2. _List 5 non-periodic and 2 periodic movements- in iakes.. + ° "~ 7 .
3. Explain ‘the importance of dissolved oxyden and carbon dioxide in ?@kes. ‘
4. .Classify lakes. ) ot el .. .
: 1 h. . L. 3 :. ~ * . N 2 | N
. . X .
{ -

Ay
- .

r

. hd v

\
LA ° N
ot \’ \l . P -
. . L L i 4 . ¢
. \? L. 4 . } T \J -
e, T Handout # s T - \‘:\\ 3 . ( © s
N \ , .. \,/ . A:‘\ﬁ\,\.\}’//ﬁg\’ - Ty . . -
.o \ransparancy #7. r AR \:‘ / ‘

Instructional Aids:

- - .
. N [N
- N 1 - [}
+ 4 ‘ . ‘ . >
. . < [ ~ | 7 ‘ . @
. o NG e 4 .
.

A . . .- N // , T —

|, 2. Ford & Monroe, Living Systems, Ca_nfie]d.Prgés, San Frahnciscp,)1971.

Y ) ) ' L4 . o i . l-
-Inptr&tioqal Approach: - . . , <. - o .
., * o . s L ' .. —
- \ . ' - — ) 4 - ’ ?
i LECtUYEg : LT - o LT _ . .
D‘iscusé\ion . : R T . ’
5‘. L. . - ’ i
\ . } - . « e v - e
A - . : Nt - L '
Y .o . ‘ Ay .

- . «*

References? Lo
. c e A . - e T . . , . .
1. Reid & Wood, Ecology 6f7Inland Waters and Estuaries. D. Van Nostrand Co.,. .
New York, 1976. ’ . cran nd 0.

-

13

3. Lundquist, John B., A Primer on Limnology, Number 1, March 1975, Water
." Resources Research Center, University of Minnesota:.. .- ' .

t

r ) W RN N .. . A i \
Class.Assignments:, L S SN )

. 1 e oy a//‘/ .
" N
.

+

-~

_erk given problem. ‘- ¥

- Read Handout # 2 - ¢ ‘e (

. . ) 3 E . - .
L - 12 . oL, Z

’ [ - T N . . ot
. . -
. .



‘| ModuTe: fo:’

. N 1
. -
.

Instructor Notes :

.~

»

vz

Hapdout'#fé

oo~

« Transparancy #7
Relate cycle to:

a. ,Seésons‘
b. .Circulation
c. Stratification

f. Zonat1on\

d1scu551on of:

al W1nd streaks
b. Density .
c. Laminar

d. Eddy effects

d1scuss1on of: K

“

b. Seiches

d. Heat budgets . -
e. Temperature ‘classifications

Per1od1c movement includes

Non- per1od1c movement’ 1nc1udes

a. §urface dees"

-

-eycle of a lake. - <

1/ 4{D1agram and describe ‘the annuaT temperature !

L3 .

’
-~ N

2. Discuss movement in Takes using periodic

and rion-periodic movement c]asslfncat1ons.

A Y

>

»
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: ‘- CRT . Page _11 —of 30 ,
«"Nitodgle Ho: | | Medute Title: ' % Coo
4 . _ ???ﬁ Natyrdl Systems | . .
R ' . ]'submodule Title: s N . /~ Ly
- ¢, i o e ey s . . . . N .
Approx. Time: - . Primitive States of Nature o . e
! \ Topic: - - g - T , e
1 hour | | streams o c o .
Objectives:' . : . . )

‘Upon completion of this module, ‘the-participant should be able to: |
1. Relate stream size ang/mgyément to natural temperature ariation.

2. Explain the importancé of dissolved oxygen and carbon’di ide in streams.
3. 11lustrate the relationship of origin and morphology of streams. |

R . ) . ; /
A .

L

/ . 3
- de -
L] . -
& " L4 v
-
° A

) i -
4 ¢ . ~
Instructional Approach: . e - . .
Lécture v . » ‘ R ‘ >
Discussion ' “w oo , -

» o T : P SR
\l . .". . . R . . . - o “,
" Rgferences: . . . L
A Reid.& Wood, Ecology of Inland Waters and Estuanjes, K. Van Nostrand Co.
New. York, 1976, " . T L
2. _Ford & Monroe, Living-Systems,<Canfiétd Press, San Francisco, 1971.

. 3. Lundquist, John B., A Primer on LimnoTogy, Number 1, March”1975, Water
, Resources Research Center, University of Minneseta. -,
) ) ¥ ) ’ ‘. ¢ 4 -
Class Assignments: o .. o
- | Read Handout #2 - . .

Work given problems. . «
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Module Ho: Topic: .
) “ . Streams , -
Instructor Notes: " '{ Instructor Qutiine: . \ 5 i
/ #. L. B ; -:-.)
Handout # 2 ' :
Iransbarancy #7 . - "1. D1scuss and 111ustrate how streams 51ze and
' o movement is related to its natura]
temperature var1at1on
v ) g ’ 2. Disguss dissolved oxygen and carbon d1ox1de
. s in streams with respect to qua11ty of life
L ~ in streams - )
.
3. D1scu and 111ustrate how origin determ1nes
) . morpho ogy of the stream.
’ransparanqy #8 e 4, (£1ve a prob]em where theﬁ1earner w11] pred1ct

outcome-given levelg offd1ssoiwed oxygen’in

A
a g1ven stream. 0
. k)
.
L2
‘,
.
.
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Y
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(,Module No: Podule Titlei™X e
! ~ Natural Systems \ = S : )
) < | submodule Title: | ‘ ' T
| Approx. Time:. . Pri‘.mt_we S‘;atgsif Nature .
o -~ Topic:
1 four . Ground ‘Water
L
Objectives: 4 - _‘ A A I
. r

module, the .participant should be .able to:

" lipon completion of this

* B . . . . \ ' )
. 1. Identify artisian and water table water bearing.formations.

2. Describe. the basic properties of water bearing formations. :

4 et . . ‘ ’ . ’

t . ..

N N K . \-_'t , A Te . s )

: { . . I

Instructional Aids: - ., EN -

i-iandout $2 «

P . e —————————
N . -
. - ‘ * - .
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. M €
a .
N ' P * . e -
. B Hi ~ - ‘
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v ' 5 .
2 .

Instructional Approach: ° - . ;0 .
Lecture- - LN E ) ;
Discussion h>

’ A
_ {References: . ot . .
1. Walton, Groundwater Reséurce Evaluation, MeGraw Hill, New-York,. 1970.

T 2. ,_Ground Water and Wells, Johnson Division UOP, St. Paul,

Minnesota, 1972. - o - ‘
h . - . B . ~
.. {Class Assignmepts: ‘ e . '
Réad Handout # 2: LY )
< Work given problems. ° -, — .
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. A Module Ho: .Topic;’ ':. . .
¢ S Ground Water* . . -
: 1}1 ’ 5 * ¢ .
Instructor Notes: o Ihi:‘t}uct'or OUtHne: ‘ N
3 - . -7 A - ¢
N - ‘
. - A SN o
.. |.Handout # 2 R - .
R ., 1 1. Discuss and diagram
T “a.” Artisian Aquifers N\
. K 4 PR
I o . - -, . 1. Structure - ) %
‘ . - 7o F 2.~ Flowing i AN et
; , . - .o 3. Non-flowing )
r . 2. .Disocus»s‘properties of:
' . . * A
., ‘ - a. Limestone ‘formation
B 'b.", Sand and gravel formations =«-
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Module Ho: -

‘Module/ Title:

Natural gygtens .o . - ST : i

4

‘-{Approx. Time:

2 hopfs

: 1
‘ Submédulg Titte? ‘ . ey o
" | Agy tic Ecology ' ‘ . 4

e

© ropics . -
Nﬁ:ura] Populations

quéctives:‘
S - .

“'uUpon completion

/

/.

£

of

L

. o . " > ’ B
his module, the participant should be able to: -

4 Relaté birth rate and life span to natural population growth.

Explain ‘how several populations can form & community.
List a form of biological interdependence.
Identify methods- of communication -

a. Hithin a popu]%?ﬁpgct

*b.

Between

opulations

=N

:i'H

lns?‘uctlonal An?:

aﬁaoutw#j3 Sl ' . o ,

o

Toe

w['

L]

[
Instructional Approach:

r -

v Lecture - | -,
Discussion . i

:_ N
. i P2 H . i N .
N ‘ R o~ ’ R .
A -
N L 4 . P
N - - -
. -, .

v-«ﬂéferences:

1. Reid &.Wohd, Ecology- of Inland Waters .and Estuar%és, D. Van Nostrard Co.’,

1~ New York, 1976 -~
Ford

i & Monroe, Living Systefis, Canfield Press, ‘San Franciscos 1971.
Warren; Charles F., Biology & Water Po]Tutibﬁ_ControT, W. B. Saunders Co.;

PhiTadelphia, Pa.’, 1971. . ‘
e 2 . . . ,‘, \

Class Assignments: . \ e .-
Read Handbuti# 3, . -

® .
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médule Ne:

4
~

g

Topic:

Natural

Populations

A

T

lnstructér Notes:

'

'Instructof Outiine:

{
H

Handout # 3

E

ry

~4

1.

2.

| 4.

D1scuss growth and regulation of a

pepu]§t1on in terms of:

L

a
b
c.
d
e

Exp]a1

Bthh rate -’ . : e
Food supply N “
Preditors and d1sea$e*
Life span A .

Distribution - . R

R n

towards; becoming a communi ty.

D1scuss 1nteract1ons of popu]at1ons w1th1n -

' a commuh1ty in tems’ of:

a
b.

“c.
d
e

Discuss

-

Sumbiosis - commerc1a]1sm
Nichis | L
Completition
Dominance
Saprpphitism
lRaras1t1sm . . .

~ommun1cat1on ‘with examples of

communi,chtion within a popu]at1on and

betweeri

Jppuﬁat1ons. 2

&3
*

£

»®
the movement of severa] popu]at1ons

. .
T
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' _ o
,Upon completion of this module,, ihe participant,shou]d be ablé to:. - -

L. Exp1a1n how two conmun1t1es are dom1nated or co-dominated by Se1ected

populations., -
-2. Define.what is meant by ‘communi ty succession.

- . ~

\" : . .‘ N ’ ! 5

. “ - 3 ) " . . ) Page 17 . of |
- [ModuTe fo: < | Module Title: o Coe
" © ?.Naiu}'a] Sys’Eems" Y
\ L Submodu'le Title:” ”] o
.APPCOX-ETfWEE Aquat1c E6oTogy o . e
T Topic: .~ _ : e . . )
- 2 hours - Natural Communities - o ' '

3. Prov1de an example of how environmental_ changes upset successien pattern(s).

Instructional Aids:

Handouts # 3

A

—_t

Transparanc1es #9, 10 & 11 °

. . . ° v A .
" M ” . . <

Instructional Approach: Iy

.

2.
.

‘“Lecture ] . : \ :
-Discussion - L L “ . .
< M - "
b ) / 2o - ‘ J ~ * 4 7 o ;
v ! . > L e |
T B ‘e
References: )
"1. Reid & Wood, Eco]ogv of Inland Waters and Estuar1es, D Vaanostrand Co.y

New York L1976

Ford & Monroe,-Living Systems, Canf1e1d Press, San Franc1sco 1971

Warren, Charles E.

, Biology & Water Pollutioen Contro] W. B. Saunders Co.,

Ph11ade]ph1a, Pa., 1971 -
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Class Assignments: - L -

Read Handout # 4 °
WOrk g1ven prob]em




Module Ho: » |- Topicy ) e ..
\ . ) - Natqrar\(foirmum’ties ' P
JInstryctor Notes: ‘ . ,' Instructor Outiine: R
- ‘o - - ; " rs -
. Handout # 3 - . ~
) ) . \“t . i/ L -
L " | Transparancies 49,10, & 11"} Discuss, with examples, dom1nance ang
. ‘ i ' co- dommance. .
- : ‘ Emp’hasize: - . - : i
. g : ;- o 2. -Discuss and diagram sevefa] successwn
., 11. "Normal patterns B .patterns, e
ST 2. Upset patterns |
» " 3. Give ]earner/ an example of a° commumt_y
ce -
. . - — h1stor_y and “have h1m,1dent1fy
S T . 1 \ Components. .
el . ¢ Co-dominance and. dom1nance
. 3. Succession pattern Cootes
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. . Module Mo: o - Module 1;1t1e: . ,. . .

T ‘ s - Natural Systems * - e ‘
PN ﬁ . ” - . -
oo ) | SubmoduleTitle: Tt T

T - .. | Aquatic Eco]o ' ‘g

.. |Approx. TimeK: i d gy\bf b o ¢ s .

. B Az o Tepic: - - - e \ AR

. 2 hours Balance within an Eco-system = e .
Objectives: s e T ¢ V.;tt—f N

Upon comp]et1on of th s m du]rthe participant shou]d be able to compare and v
contrast; bal ance and /zmba ance in an Eco system us1ng,examp}es of R

¥ "
* : a. Food supply’ : ' — e LN sl

b. Seasonal changes : PR . .
5~c. Population diversity PO
d.” Birth rate and life span . N ) ‘e
v - - \ ‘ » - . . - -
- : - *ﬂr :;’_ e - . L. N . i et . .
. ) 5 % i L & Lo ) .- o
. lnstruff{ional Aids: -, . " L e v s S
4w | Handout # 3 .~ ‘ : N .
7 : ‘ N et o
- ~ . Ve « !
. - . . ¢ & M
. "3 - 4 v ' e .y @
* . LR, e ! +
- = N
v Instructional Approach: . o . Coe - g R
' . B . ¢ ‘@
~or : » e a

v ‘ T ) . - .
.. Lecture - ( ~ - N
.- Discussion /' <, S SO 4

ts
[~
7
-

- [ a -
M . "'r" . R . - . . S, - B . (.
wt? - . R . . ¢ N
. N N ‘ o S,
Réference5° v L
-:“l- I R 1 N - . 1] - ca’ .

" | 1. Reid s Wood, Eco]ogy of Inland Waters and Estuaries, D. Van’Noé'fg,rand €o..,

1. New York, 1976. ;
| - 2. Ford & Monroe, Living Systems, Canfield Press, San Frang@o, 1971.- -
J
|

3. Warren Charles E., Biology & Water, PoHut1on Contro] w B. .Saunders Co.,

°
-3 B
R , T Phﬂadg’lpma Pa., 1971. . L%
c . . ) v . P ’ ’ ey “ . ) . . -
\ . — - * t . . — .

T - {Clas Asszgnments. ‘ O s, PR LT
o |, Rea Handout #~ ~ ~ i - B

h, . - 7 -% o« v

' « | ‘ et T
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Module f{o: Topic: - -

. '/ '.

R ' -Balance Within an Eso-system

[

Inétructorl{otes: Instructor Qutiine:

- .
e < .

‘e

. .
- N
” . e

v -

Handout # 3 ., ~

In discission of natural- 1. 'Dfééuss'baiahce‘in an Eco-system with
;egu]ation include examples , - emphasis on hatural requlation. -

of: ~

1.+ "Fobd supp]y>\\

-2. Seasonal changes _

3. Population diversitv -
4. Birth rate -

5. “Life span and preditors

™
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. [Module to: T~ ] Hodule Title: . A~
ie. o |fpdute o L ul'_th\e‘_ ! . . . )
IR A .~ .| Natural-Systems R : ) ) ) o
. i . ' {" ' . . —_— - - - 2 . -
Eoa ] Lo . ¢ | SubmodulesTitle: - . - . }\ : \
.« {Approx. Time: "Aquat1c cology R . — : -
2 ' " Topic: : ‘ ) .
SV 2 hours, - : ' o CL
g R Effect of Man . : .o _ \ . '
Objectives: - _ o . B -t
g Upon c%'mp]eii.on of this module, tﬁe_partj cibapt should be able to: .
3 A [ - & 5 = . i . ) . N - .
. # -1 1. Give examples.of how man can exist as a positive ‘force in’natural regulation.
2. Describe the role man has played in disrupting 'natural regulation *without -
% - causing.a detrimental effect on the community. ‘ \ R
» ' ¥ s .
u;:g? ‘ 2 . . ) ]
,-——1[7 R \ . 1 X ‘
. Instructional Aids: )
ooy | Handouts(# 3. LS Lo
oo Transparancigs #12 & 13 B (
¢ : ) : . . ) N ‘ a
o * i ' 2 A " -t .
— l?égruct’tonal Approaﬁh: . . 5 R 7
: Lecture 2 ‘ , S ) T~
) - Discussion ‘ . Co- , - .
/-%‘ 3 o N ' . B}
| ' - )
- N - '
References:. ' . . C e L . ‘
' . , .. . .
1. Reid & Wood, Ecology of Inland Waters and Estuaries, D, Van Nostrand Co.,
. .. New York, 1976. . .
- 2. Ford & Monroe, Living Systems, Canfjeld Press, San.Francisco, 1971.
3. MWarren, Charles E., Biology & Water Pollution Control, W. B. Saunders Ca.,
‘ Philadelphia, Pa., 1971. - ;- :
. N '-. . ‘P . - . ﬂ‘ . -
Class Assignments: B ' L /
R . 9 * E . 4,
“Read: Handout # 3 , o . we
| Work assigned problems. . . ) L
[P . . ;(. - . ) -~
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Module fio: - T_opic.‘\\ \ 4 ' )
e ffect of;_Me\rl ~ I T ;. -
Ihstructor Notes: /J . Ins\tructor Outiine: . , - e
- ‘"'l . . I . - v
. . - o w Cot. L T
Handout # 3 <, ) % B, s
x| . L 2Ky Tend . -
. -\Jransparanci¥&; #12 & 13 s 4 g . Qi .
o how ples in: - & . 1. Discu¥s how man can be a positiye- force in-
. ‘ \ : natu¥al regulation using examples, . )
' 1- Food supply e 77 )
2. Population distribution .o
. ~_ | 3. Preditation - ( - e
= . ' 4 - . .
+ < . @ o ' . N T NI o .
. Show examples in: 2. Discuss.man's role in disrupting natural )
: N "+ regulation in.order to preserve the community..
. Food supply S : ‘
- - Population distribution ° A / . .
. 3. - Preditation - . .
- *-1.Emghasize dijffereﬁtia.tirig = )
regulated and unregulated T
v ‘ disruption" ) . -
s T =i VY 3. Give Tearner an example problem’and have him
T identi fy? ‘
J ‘ _ ) .
oo 5
e .. - " a., Food supply e -
. , b. Distribution . . -
. ¢’ Competition N - 0
- - \ , d. Successjon - ‘ -
S ~ €. Disruptiong -
T f. Preditation - N
. 8 - ’ ) L . ‘\\\
N . ' .. ’ - C e , \\
; , W “ -
M \‘ - » 7. CT
. t | 4
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Madule-Ho:. © ', | Module Title:
‘- . . \‘ ‘ . . - Y . .
? P ‘Naturel\Systen§ . ~ -
o’
. B - < 3 é -
Approx. Time:’
. )
‘ . = . ) . < . S . ) “ 4 . s
‘1 hour . . [ History.of.Rollution % . oL
Objectives: T e oo e T L

Upon compJet1on of th1s modu]e, the part1c1pant should be éble to - ’
RERE Def1ne po]]ut1on ) /
) *ug. " Show the relationship of the industrial revolution to water pollution.

" Cite evidence for the need for a system of water use classification and

water quality standards. .
° ’ -
- . - . . - - §
JInstructional Aids: .. © . . - L ¢ )
. ) ) . . . 7~ . v Y
. Handout -# 4 g . P . — . ., A
- 7 v ) R ’
lhstruptional.ippreach: T ' .o , j Y S ) :
,’ ﬁ’?-/- \. . ‘. * . ;
Lecture . ' Co o .
Discussion - ’ . - . A
3 . I» "
. i hd . .
Refer n A T .o © ' . - -
ences: X _ . 5
1. Re1d & Wood, Eco]ogy of Inland Waters and Es_yar1es, D. Van Nostrand Co. ,
. New York, 1976.. , « *

2. Ford & Nonroe, Living Systems, cCanfield Press, San Francisco, 1971.
3. Warren, Char]es*E , Biology & Water Po]]ut1on Control, W, B Saunders Co. s
4 ‘ S

Philadelphia, Pa., 1971 -
Water Resources of GWa, 19(\ S

AQlass Assignments?. L& . - S B
Reaa'HaﬁHout #5 )
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.- < |Module Ho: 5 Topic: s 0T - . ~
. B . History of Pollution : ‘
? - \ B ) ’KJ
' - , s . g . ,
Instructor Nofes: Instructor Outiine: .
- -~ R
- ' Handout-# 4 - . : K
K A . of i
] .

. - 1. D%fﬁerenﬁate between S 'Discusws°,1:.he history of pollution including:
. ' #Pollution and contaminats . : Y. .
. gro R ar amination 1., Definitton -
. . ‘ . ‘ - Zr‘ 2. Effectdgﬁ thé industrial revolution
- K ‘ : _ - 3. Waste disposal - R
: ) v ' N4, Law and regulation

Coet ’

N v
) . | 2. Discuss the origin and basis of criteria
< . -standards for water quality.

- "+ | 3. Discuss the system of water -use and waste
water as a source of pollution.
. - " t
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pollutants and their sources.

. .
o MR
. .

. ’ T . L .
Upon completion of this module, the participant should be able to identify the
" major types of wat _

e _.Enage 25 - ,Of' ;30‘
Module No: » _ | Module Title: "
T Natural Systems ~ -° : . .
R . ~/4PS\J‘t.>rrtoc?‘u1e ‘Ti;tl’e:;w i ' Co l
Approx. Time: ~:I‘Jﬁ‘ter Ro]lut1on - ,
’ Topic: . . c .
13 hours | . Types and Sotirces of Pollution & ‘ j///Q
Objectives: N o '//’ \

Handout # 4

Transparancy #14
14 ] ~

Instructional Aids:

Instructional Approach:

. < Lecture )
. . D1s;uss1on R 8 - y % .
o N\«

‘References

New York, 1976

1. Reid & Wood, Ecology of In]and Waters and Estuaries, D. Van\Nostrand Co.,

2. Ford & Monroe, Living Systems’ Canf1e1d Press, San Franc1sso, 1971
3. .Warren, Charles E., Biology & Water Po]]ut1on Control, W."B. .Saunders Co.,
. Philadelphia, Pa., 1971. . ‘ )
4, Water Resources of Iowa, 1970. ° :
5. Turk, Turk & Wittes, Ecology Pollution EnV1ronmenI, w B Saunders. Co*, |
1" Philadelphia; Pa., 1972. . .
“ C]ass Assignments : o o L .

@ P A - A

Read Handout # 5,

28°, ' oo
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Module Ho:» Topic: . !
HEY . ‘ . . .
' - - -1+ Types and Sources of Po]]ution‘i '
. Instructor Notes:  « . { Indtructor .Outiine: °
. P B ‘ .‘ - .
N . 7 - » - N -
T s Handout. #4 ' . <, . _
t; \ -
. ’(ranSpa_ranc_y.#M , .| 1." Discuss the classificati on of*¢ Chem"tca't
I & * ~ pollutants as to: L B
- . . V- . . ) . . 2
. a. Non-degraded. materials - .
¢ « Tb. Nutrients . ’.
- -1 : ' c. Toxic materials o
e : 2.\ Discuss thermal, b1o]og1ca1 .and chemical
R - | pollution sources and the' type of ollution
1P Pt ;
) . -1 associ ated with each. - 3
i ‘ | _ ,
. \ .
o7 - s ° ) N
L . \ .
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.. N _ . Page of 130
Module No: - Module Titler =~ . o .
RN \ atural Systems . L

ubmodule -Title: :

ter Pollution :

Approx. *Time: g2l . l ' ] A
L g - ! Topic: I ) e
3% hours 2N I ' o w
s hours A fects:of Pallution \ ' .
‘Objéct3ves: - .‘ )

" Upon cdnp]etion of this module, the particinant shoutd -be able to:

Ident1fy "cause & effect" re]at1onsh1ps of the 3 maJor clésses of chemical -

1.
.- pollutants discussed.
2. Examine an example of popu]at1on or conmun1ty adapt1on due to therma]
. pollution. -
3. Compare sources, effects,, and duration of direct and 1nd1rect glgigg1ca1
- poltution. L coE -

Y

Instructional Aids:

H%ndout #4 ) L . s B
» 2 Ly// | -
Instructional Approach: ) ) L "
Lecture -~ o ! S
Discussion - : i g - .
hd ‘ i ) e _ \ '
. ,References ' e, _ : -
i. Re1d &»w00d Eco]ogy of In]and Waters’and Estuar1es D Van Nostrand Co.5 -
"~ New York, 1976 S e
2. Ford & Monroe, L1V1ng Systems Canfwe]d Press San Francisco, 1971. .
.3. Warren, Charles E., Biology & Water Po]1ut1on Control, W. B. ,Saunders Co.y - -
Philadelphia, Pa., 1971, . ,
4. Water Resources. of Towa,' 1970, N : .
' 5. Turk, Jurk & Wittes, Ecology Po]]ut1on Env1ronment W. B. Saunders .Co.,

Ph11ade1ph1a, Pa., 1972. )
Class AsSignments: | 0 L

* Read Handolt C

Cov N . . 3 . R
. ‘ ‘ \
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' . . . . L PR
~, -~ ’ . ) M ~
. s ~ ‘ 4 N N 4
‘. L .
R




R S . T ee— e e S L‘
I SO . — - N - - ]
,:%—'—;’:ﬁ; " » — l‘ ¢ . «
. ® ) ) o .
- e . -
~ ‘ - s ) ‘ \\ . . .
’f/ S S \ . Rage :28 of 30 - -
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- Module Ho: Topic: .. o
: — . Effects ,o% Pollution
- ) - : * ) ] " 2 ~ s
- . - - - [Instkuctor Notes; - ' Alnstructor Outiine: - . -
— ‘~?— R . - - . w . ) <
~.  —}-Handout-#-4 ’ T ‘ T
\ \ . . . 8 d £
s N 1. Discuss the effect of the chemical ° -
—— = T " pollutants as related to the following
M . . classifications:
T ‘ ) . a Non-degraded ma;er}i als. -
. ' ‘ b. Nutrients S .
or c. Toxic materials . °
—— e - - }\‘ .
— - 2. Discuss-the effect of themgg]hgoﬂution on
. . . populations and communities.. ™™ ’
o 3. "Explain, using examples, how communities
. T _and populations have had to adapt.to a
- . thermally polluted lake or. stream in order
. to survive. :
__| Differentiate between direct 4. Discuss the sources, effects »» and duration
— and indirect bioﬁogica] “of biological pollution.~ ..
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Upon completion of this moduJe} the participant should be able to:
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. /‘ ' ‘ " CYCLES IN NATURE . o
e - . . - ? ' AP
Water N\ . ? ) ¢
o ) A\ . . A .
~° - Before Tooking at Tiying systems, it is\essential to first examine

<

water as water is bagtz\to all ]i#e The water mo]ecu]e is very s1mp1e in
structure as it contains on}‘;Z e]ements, oxygen (0) and hydrogen (H) In

order to form water, twe hydrogen atSins must combine with an oxygen dtom.’

Th1s process is termed bonding -and the- resu]tant water molecule has-the

following ‘structure.

° "~ . e 7 o \ ’
This chemical symbo} for water is wrftte;\;;b indicating not.only.

the elements tnvo]veqwgut broportioﬁs as welja' ool '

. SNy
viwey . , .
. . ,




X

*  In re]at1ng water to life, however, d1scuss1ng basic structure 1s

B4

- not’ enough. Certa1n phys1ca] character1st?cs must also be exam1ned These

[} A}

aracter1st1cs include specific heat solvent action, dens1ty, cohesion, and '

urface tens1on .

"

Specific heat is defined as the amount of heat energg‘required'to '

a

‘raise 1 gram of water 1 oegree centigrade Water requ1res a great deal of '

AN

heat energy to ra1se the temperature of 1 gram 1 degree cent1grade,ftherefore,
it ds sa1d to have a high specific heat.. In\other words _water can hold

4
considerable heat energy without chang1ng “in temperature This hlgh heat

capacity of water allows the water to act as a buffer to protect aquatic

population from rapid temperature changes.: - \ p B g

The ability of water to hold over 50 parcent of the known eTements in
solution must also be considered. This is of great importance when the amount

of nutr1ents taken into or re]eased from ]1ang systems via d1ffus1on is taken
N 3 . . #
into constderation. . . e . - T

'Density propert1es of water a]so play an essent1a] role 1nn]1v1n

systems, especially with respect to life in lakes. The~dens1ty of fresh water :

is‘unique in that the maximum density (weight'per un1t volume) is reached~at.

~

about 40 C.; therefore, frozen fresh -water (ice) w111qi]oat creat1ng -

,Situation where aquati.c ]1fe can “continue in the unfrozen depths of a ]ake

e Cohes1on and surface tens1on are terms used*to descr1be the. L~‘
13 4 .
Mres1stance of a fluid to be1ng pu]]ed apart. These twp propert1es of water

are essential for many -1iving sys;ems to exist.- PTants for examp]e rely to
K great ‘extent on cohuiaons1n draw1ng’mo1sture up from. the roots and surface

I ’

. ten510n provides a firm surface on which to live for many small p]ants and

. . v,
an1ma1s. : ) . N

. ., B
. - ‘ .o -
. .
A . . . .
» ‘ . ‘., . 1) .
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entity. Water tﬁgrejore, foves in a cyclic pattern. This is.ii]ustratéﬁ

below in the hydro ogic cycle. . .
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. In. addition to water’, most‘nutrieq;s also mave ina cyélic pattern.

Five examples of this follow.

The Food Chain and Ecological Pyramid

-~
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The Nitrogen Cycle f / N o
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i Atmospheric ~ - .
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. Animals
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" Wastes X .
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) ‘ Photosynthetic '
Plants - .
, A \ | “Nitrogen
Denitri fying - ’ . « Fixing -
Bacteria N Q . Bacteria , .
_}. Death )
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.l Phosphates. . v
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Practice Problem ~ ¥ T

On the fo]]owiﬁg diagram trace the nitrogen cycle in red, the

sulfur cycle in green, and the carbon cycle in blue.

2
P ' X
. ~~
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ANTMAL PROTEIN
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SULFIDE (H,S)

Y ANIMAL. - ‘
~  RESPIRATION

* NITRITE
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Natural Systems .
Handout {2 L

s 4 NATURAL WATERS

1

* .

General .

- a
&

Natural waters can be descr1bed as a ‘closed water system Like

shown in the hydro]og1c cyc]e, natural water moves in a cont1nua1 cyc]1c
Water

motion. Natura] waters 1nc]ude all phases of the hydro]og1c cycle -

" found 1n the atmosphere, in 1akes and streans, as prec1p1tat1on and as ground

-water can be termed fresh water and that. found in the ocCeans and estuaries as

Solar Radiation\and~Color

t

sea w&ter ’ .

Natural water, therefore, is a finite or ]1m1ted substance

b o
pure water, natur&f\vaters vary in compos1t1on Sea water 'and_rainwater will
. -
However,-streams,

o\ ..° b
This is

vary the “least due to their fairly constant environment.

1akes, and ground water vary a great dea] from one area to another

.=

due to the everchang1ng env1ronmenta1 cond1t1ons as the water moves through

7 R . s
LI - 4 ¥

the d1fferent envi ronments. S ‘o P

a P

- . SN

The color of a lake is from unabsorbed - 11qht rays passing out of .

the lake from the or1g1na] ]1ght enter1ng the Take. Completely pure water

w111 absorb a]] 11ght that enters and appear near]y b]ack
in natural waters, they norma]]y appear blue. R 4 ' p

fhe observed b]ue co]or of lake water 1s the resu]t-of 11ght T

¢

scattered upward and se1ect1ve absorpt1on of that 11ght Scatter1ng of

-

light is a function‘of its wave1ength B]ue ]1oht is scattered more, than
s/

-red’ 11ght thus moré blue Tight ex1sts in the waterbefore 1t is absorbed then

1 red 11ght

-

. A11 colors of .light 1s absorbed equal]y. This can be °

5 [ d ‘.A.
‘ 43 -
. - ( - * .
T a a S M SN S
« » . O N L. .

1) .

Unlike -

. This is not seen ;
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* A second facfbr'of lake color is the trhefcofgi of the water. 'Lake"

water may be brown from dirt and soil, green from algae or red from iron.

The observed color is a combination of the color from scattered light and
. * . ) <. ) » . T i - . . L4
the true water’color. -,
. o ] )
. . L. * » L . a, , R i .,
Solar Radiation and Turbidity . g e L
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~ A great’ var1ety of gdses are found d1sso1ved in natdra] waters.

Sone such as hydrogen, n1trogen, NH4 “and' HZS occur in association w1th

v

- dissolved so]1ds or b1o1og1ca1 act1v1ty, they will be discussed in the
fo]10w1ng SQct]on which is concerned with d1sso]ved solids.: 'The most

w1despread gases to occur in water under natural condituons are oxygen and

- -

carbon dioxide. In much limnological work, measurement of the amounts of

*:*jthese“two gases present is the first step in any detailed s;udy'of the

T . . i - IS ‘ o

ecology of a lake. o .

o . .

- . . U 4
. " » -
Dissolved Solids # : ) -
- * . - . ! *
- * ’ . ‘ ' T,
N : N ;
b >
M i
\ N * . - .!
IO ~‘. . L , LR, o
. ) . - a'
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D1sso1ved Gases . . - o

*a




PR
x

b

. LAKES -
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Temperature in Lake - < ) /
T ' . . _

One of the most important phenomena found in lakes is the relation-

ship .between water and temperature as observed in seasonal variations. These

\

~

variations or cycles cause pronounced seasonal changes in the lake. During

winter, the temperature of'the water in moderatély deep”lakes is relatiVely

. S . .
uni form from surface to bottom. 'If the lake is “ice covered a,old top layer

is found just under the ice. In spning, cjrcu]ation ano mixing of water™® .-
results with a untform top to bottom lake temperature. During sumner a
vertical d1str1but1on of temperature forms with warm on top and a cold ]ayer
on the bottom The twﬂ[]aers are separated by a thermoc11ne (zone of rap1d
temperature change) and there is no mixing between the warm and cold }ayers
‘The warm layer is termed’ ep1T1mn1on;ﬁthe co]d layer hypolimnion.

; \ Co -, ‘

- In the ?aii~the Jake once again returnis to uniform temperature with

circulation and-nfixing. . : ) -

Movement ' .
> - . P J N a.

J

3

Densitxgcurrents resu]t from water of.a differing density entering a f

water bodk. The differikg\density may result from temperatdre or high solids

% ' 2

~

concentrat1ons

¥
[ 2

> Wind streaks ]aﬁbmu1r 11nes) or a phenomenon resu]t1ng From wind.

] Water Flow 1s in the form of\he11ces ]y1ng parallel to one another oriented

z -

J in the d1rect1on of the’u‘ﬂg \ The direction of the nelices, are a]ternat1ng

clockwise and counterc]ockw1se The -streaked appearance is caused by
»’&‘

accumulation of mater1a]s in zones of convergence This ctan be
e . . . N

-

., ! s
. * . Su . "\%
- ‘ » 4 G B ‘ . e o - - -
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-

ind, moving across the .-

Surface waves are the fonmon wave cased Y
lake. There As no essent1aT hofizontal movement of waier with waves.
. - Seiche (pronounced "sash") ie beriodic.cyrrenf system described as
a standing~wave in which some stra;um of the water in a»basin oscif]ateif j.

about’ one or more nodes. This rocking motion is similar to the motion in-as

F’//, - bowl of water when it is bumped. S ~ g o
v- 1_.» . o ' , . . » . - -
. - .|' Dissolved Oxygen K ; ; .
3

Of all the chemical subgfanceg in natural watery, okygen'ﬁs‘oneﬂ
' - . e P c77 ja
of the most significant. The oxygen available for metabolic relationships

-

-

in natural waters Ts the water in soTution not the oxygen in Héb‘ water.
. The volume of oxygen d1ssoTved in water at any g1$§n time is a funct1on of

temperdture of the water, atmospher1c pressure, salinity and b1oTog1caT

..

<

activity. l - o . A .
3} T e - The soTub1T1ty of oxygen in wate{ is 1ncreased ﬁqth Tower1ng
A | #temperature. The amount of oxygen water can hold at 20° C: is 9 2 mg/T, at
o] s%c ds 12,9'mgn. . o :

‘ A\ B ° ~ .
: There are two seurces.of oxygen 1n Takes The f1rst is w1nd and

'4&ame act1on the second is pTant life. Oxygen is depTeted in a Take by

Ao
- o
,

animal ‘'1ife and by plants at n1ght : o .

.
’ - . « d ‘ ]
O A - -, . 457 . S . -
) EN{C/ . . N . .
Y e c M ! . - . . . .
T, . < e % 7 .
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Classification

” =y,
Py

its causes and its effects. In a sense this is an h1stor1ca] system as well

because many lakes are at d1fferent times oligotrophic, mesotroph1z/or

eutrophic.
support re]at1ve1y low rates of photosynthet1c product1v1ty As the name
implies, in these 1akes product1v1ty is limited by the supply of nutrients

More Spec1f1ca]1y, the limiting material .is usually phosphorous in
T

In an h1stor1ca1 sense, aligotrophic lakes are,xhought*of as

S

] ollgotroph1c lakes. o .

“"young" ]akes

-

Lakes have frequent]y been created by drast1c,-geo]og1ca]

events, such_as g]ac1at1on, that 1eave uneven land surfaces and depresgions
——

that can contain Takes. Such events often create infertile ]andscapes that

" can support?abundant 1ife only after'colon121ng organjsms have broken down

rough cover materials into reasonably. fertile soils. In.such infertile

he ’

environments, lakes often have meager nutrient budgets and are therefore

-

_\/941gotroph3c . e
~ . 5

w Mesotroph1c lakes are more productive than o]1gotroph1c lakes', .

(

because they genera]]y have Jarger nutrient 1nputs They support moderate

populations of algae- and of consumerfan1ma1s Moderate]y product1ve,
mesotrophgﬁblakes are nutr1ent 11m1ted as are o]1gotroph1c 1akes

Phosphorous\\§b1n usually 11m1ts a]ga] product1v1ty, but 1nput rates are

.

>'h1gher than those for o]1gotroph1c Takes

, o 48w}

M

Lakes can be c]assified according to a system based on productivity,

~401igotrophic lakes (from the Greek words meaning "]%édin nutrtents")
® S

[ 4
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Mesetrophic lakes.'-may develop periodic aTga]‘b]oomsi-noticeab1e
. < .
population, increases that reduce water clarity. .

: Eutroph1c Takes (from the Greek word meaning ueal-nourished“) are

those that are highly productive because they have abundant nutYlent supp11es

2

A]gae %h‘macrophytes grow so thickly in some eutroph1c lakes that 11ght '

_penetrates only a short d1stance'and nutr1ents below that depth arehused

N

1neff1c1entTy. Photosynthes1s in some of these lakes is the?&fore prObably
" 1imited by 1ight rather than by nutrients. In other _eutrophic lakes nitrogen

rather than phosphorous may be a 11m1t1ng nutr1ent This means that nitrates

.

and ammonia, the nitrogen forms that are used by most a]gae, are used up*

before phosphate is in such lakes certa1n species of b]ue-greén algae ‘that

o oy

can fix atmospheric nitrogen have a clear competitive advantage and -
.

fréquently-become dominant. * | ' ) ©

~

- Eutrophic Takes show widé seasonal changes in chemical conditions.’

Because of the great amount of organic matter produced in these lakes, much | ]
\ . " i

decay occurs in the hypo]1mn1on Therefore, eutrophic 1akes frequent]y Show

a]most comp]ete loss of d1sso]ved oxygen be]ow the_thermocline during summers‘\

C1ear1y, fish and most other animals canpot’ 11ve 1n the h \§p011mn1on of such .
L * “- . ‘ . .
. *- . . . 3 :««
Warm water fish that can live in the ep111mn1on, however, can be'

Jakes.

qu1te product1ve Bass panf1sh pike, walleye, carp,\and HuT]heads thr1ve -

“in many eutroph1c lakes.

R

R eutrophic lake is’ ‘said to be ani!'.'o]d" ]ake--whﬂe an ohgotroph1c
Jw -

lake is "young". - . ) g o S

:
- ; . o -
u .

s
N . .
" . 49‘ co- N 4
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;’/NA 1ake created by gTac1at1on, for examp]e may beg1n as a rugged |

rg&kya or-grave]1x basin in ;p 1nfert1]e ]andscape P]ant and animal FE

productivity is Tow, at the start. ‘Over a perzpd of t1me the land Changes--

4

deve]opung fertile soils and active biological oomnun1t1es meanwhile the
clake bas1n~has becone §ﬁa?;oyer-because of the accumu]at1on of -plant and

animal remains. Sha]]oWa]akes are 11ke1y to be more product1ve than deep

]akes because there is greater 11ke11hood ‘that bottom-feeding f1sh w111

~ recycle algal nutrients to the epilimnion if the “vertical d1stance is short,
. . (

and because shallow lakes have less water to dilute incoming water, "whi chr
usua]lxugai h1gher nutr1ent concentrations than the 1ake‘1tse]f

o It 1s important to rea11ze that many 1aies have become more o’

*® -

product1ve‘becaus f'variéus recent human d1srupt1ons "Eutroph1cat1on .

@
an appropriate @ame f(t th1s progressa but "aglng" is not. The/ﬁncreases in

NP
Ay

product1v1ty‘do rgt- cﬁ%aézfa marked decreaseﬁgn depth; therefore sueh
hart1f1c1a] eutroph1caéxog?can often be term1nated w1thout Teav1ng permanent )

© & e

.
T o L .

effects related to decreased_dapth, mere]y 2{»c6htro]11ng’nutr1ent inputs.
. : : €« L, .

o
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water erodes the land as it moves across the watershed as runoff. The

. erosion of the land during this is of-two types - mechanical and chemical.

61

B "

/~STREAMS . E L™

- Y 4

) A DL A 3

Origin~and Morphology - - ) . . %
- N ° N . .

Most streams form their own .channels. This occurs because the i U
L} ‘ . o

Speed and type’of erosion are dependent on a variety of variables %nc]uding
water and ground composition, climate and slope. o Lo

\

Yourig streams usually, therefore, reveal steep sides which tend .
to erode to flatter slopes as the stream matures due “to seasonal f]oodihg"

With this process, also the 1og1tu§1na1 grad1ent dﬁcreases As this aging |

process continues the stream channe] becones a]most f]at due to cont1nued

¢ /
widening and dep051t10n. An old stream therefore has a very limited .

. N . .
carrying capagity; ‘ _ ’ . 7
‘ Stream 1ength wi]] vary greatly but. the course'caﬁ be divided

into 3 basic reg1ons upper m1dd1e angd.Tower. . Change in ve]oc1ty, grad1ent,

and depos1t1on can be noted as the water f]owﬁ'down :Dg stream. T P
. - Patterns in river deve]dpment can be reJated to the surround1ng
' geo]égica}_fgrmat1ons. . : . L L . ]
ﬁrv . " . ' ’ " I 4
: ‘
. ]
. - ' > - )
~ ’
{ ,
I . 3 -
! 'Y . 5 -L - ¢ -~
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" .though due to- the volume and turbidity of such a system.

those fed by.otner surface water sources. = g -

" Dissolved Ogygen> \ ..

In streams- there are.3 pr1mary oxygen Sources; water source, photosynthesis - -

then deplete at night creat1ng a cyc11c‘curve.

- % 4 A
Size, Movement, and Temperature
” L4

’

The basic properties of temperature cycles are similar to those
found in lakes since direct $olar rad1at1on is the maJor factor in warming.
Temperature t?ictuai1ons in the\Targe rap1d f]ow1ng streams are m1n1m1zed 2
Also in the
same respect, it can be noted that as the stream gize decreases, this.

fluctuation increases. Regard]ess of size, thermal strat1f1cataon is

~
2 -

m1n1m1zed due to the turbu]ance caused by the f]ow

Source of the water being fed 1nto the stream must be cons1dered
along with size and movement with regards‘to temperature variation. Streams .
fed by ground water_tend to yary“{essAin the annua]stemperature cycle than *

v .7 -

]

Similar to ]akesa oxygen is a s1gn1f1cant substance necessary for

aquath:ﬂlfe. It also varies as a tunct1on of the same variables in lakes.

-~

-

and turbulance T . S

Water source, whether it be ground water or surface runoffy ds an
) N s
insignﬁf1cant_§purce of oxygen. Photosynthes1s varies: with tye’amount of

Turbidity then’ pla
s

as oxygen js taken directly from the at sphere and made available for use

. » ~

plant. life preSent- an 1mportant part in reaerat1on

by the, aquat1c ecosystem i
L1ke lakes dissolved oxygen content tends to increase by day and ;

» -

\

.“ . . 52 . ] ‘~', N . ‘,r
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.Carbon Dioxide and pH

. " pH varies tnversely with-the carbon dioxide content. However
A E -

- carbon dioxide content fluctuates with respect to thEosurround%ng geologic

formations, current, photosynthesi§;~and separation as does oxygen content

/

but with inverse properties. ’ ,
Regardless of whether surface water is ih ?/gpram or lake,

- dissolved oxygen,temperature, ph, carbon dioxide, and movement.can Qg

.

related as shown on the following graph. “
- "‘ \
:‘- ’
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Dissolved Oxygen Concentration
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On the same gra;;\Qiagram the dissolved oxygen curve for Lake fB"
: cps v * L [
ngre con§1t1qg§,3ré>§5éb1e. e A
- \\. v . , ‘-"
. ) N
'a . R - { B - 3
\ [4 13 ,\ ‘:’

Stream "C" has déep rapid f]owing, and hgs an abundantqa]gae growth

and f1sh population. .Assum1ng no oxygen consum1ng waste is dumped into’

_the water d1agram a typical da1]y d1sso1ved oxygen concentrat1on on the




) ., L GRW WATER . -
* o . /
- i e Formatwon Morpho]og}g - . . \ .
P 1 - Groundwater f“rmat1 ons are gf‘oupled together as a whole and termed
Aoy, :{a_ = N -
. ' aqu1fef~s. There are 2 bas1c types of aqu1 fers -- water tab]e and artesian.
« b,
’ o : A water table aqu1fer can be described by the fdllowing di agram.
- L ' ‘ ' ' r
N X L4 * ’ .
. " R A
Ground surface
.
’ : - SN : Static water level ‘
: 1 £ Z— . Conf .
. > —~ = — on\1mng bed .
. ‘. - . - - .
- cel Ve o . T
R k B » /
: . PR 7 ‘ . )
. 1 w . A - /. . 3 ’ . T ? .
R § } The artesian aquifer differs. from the water'table in that it has
. - f an upper*iand Tower confining bed. This leads to a préssdrized system.
? * s - . ' . - .
¢ l | © ~ : | —
1k - ' o
. , / < . . A I \
T g © ] | o
? SRY T s SR ‘
. ) . ! n.’T‘_ - ’ J s
. A ; ) h ’ T T — - -——r—;Statm wate,r level
. ‘ ) . H . AN !
- ._ ¢ 34 . . 4 ) ’: x L4
} o - LT g
H - [
o . Grodﬁd suf'face .
E . i . {os A £
Do i b — , ,
g : v 7 ’Upper confi rming bed - ’
, - N " "Water bearing formation
: J 2 ]! v ' { Lower confinipg bed
; . e .
' 1 Sl £ Lds / .
i . . ’ 0 - v \\\
L7 . . . . - - ‘ ‘
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. L ! ~'} Aquifer Functions ‘
S ’ " Storage is the aquifers.first function. . ‘This function is described
: by “two terns— ~ T ] -
‘ } Porosity is defined as the portwn not occup1ed by rock. It
| 4 indi Cetes how much water the formatwn wﬂ] ho]d and is affected by part1a]
. ; umfomnty and arrangement Spec.1f1c yield is how much water-aquifer wﬂ]
3 4o . ) . .
. ¢ y1e]d when dra‘ined by grav1ty “That water which, is retained is the specific\
e retention. ' '
¥ A N
’} ; The aquifer also serves as a water.conduit. Two different terms,
P { . y
‘4 % descmbe th1s functmn also. ] .
i e 3 ’ LU T
LY ) ; : Permeab1hty is the capac1ty of the y1e1d when a dlfference 1n
E 1 head joccurs. Ch‘an'ge in \permeabL]]ty is proporté)na] 10 chang_e 1n d1fference ‘
' J 1 “of hepd and is affected by‘ the partic]e size. «T?ranémissibilijty is the rate
o of fiow in gaHons per day through the aqu1 fer. 2 ! '
oy P, N f .
s 5 . ¥ M : . ;‘} } g * '
i N ovemen ) .o . C
[ P i ' A g i . :
: 3 . g < The movement of water through the fon?atwns is veiry slow’ yielding
S A
; a ba]%ance of chemi cal .concentrations between tlfe formation gnd the water. ‘
i b é . } -
oy ! { e 3 ) > .
. { i ¢ ¢ . 1 ’ “
. !, . s 5‘ s a’ - i
3 3 ] SR J .
" { i i } "
. }‘ X } . ’ ) * . ;
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- and interbreed. Individuals of any g1ven‘popu1at1on share the fo]]ow1ng

-factors: Birth rate - the rate ofareproduct1on by any g1ven popu]atlo

Snapsr s
<

T o ; ) . .
D . i

Natural Populations . \ : .

.A,popu]ation'is'défined as a gr%Up of.individuals which interact f_

The sameagenet1c pool, similar st1mu]1 responses, the same hab1tat s1m1]ar
_morphology, and paKt1cu1ar behav1ora1 chanacter1st1cs.' ‘ .

Population survival is dhe to aJaptab{1ity to ehangjng
environmental conditions. '§unvivaa’ahi]iéy is coded in gene poo].' jherefone

survival is a fynction of the popilation dather thanrthe long individual.

3 noed . 3 [ Ratiare

Population Interactions - . ) ) - j !
. - . S

Population growth ‘and ne&u]ation is dépendent on the fo]To&inq ‘

Shas

food supp]y —~the amount of usab]effood stuff aga1]ab]e to any g1ven* 5
popu]at1on, pred1tors and d1sease f any Tiving ent1ty which survives’ by j
' i
destruct.on of the populat1on 1n quest1on, 11fe span - the t1me from § )

birth till death, dnstr1but1on - the area over hh1ch any given popu]at1o%

(3 Y ? &
‘is distributed:. . - I3 . P 3
}”: Y o~ P [ 4 3
The birth, rate of a popu]atﬂon w111 décrease with a decrease §
i

in food supp]y Therefore, a dramat1c 1ncrease37n the ‘total popuTatTon
w1}1 ]1nnt food -supply and act as a 11m1t1ng fagtor for birth rate A]so

since the b1rth rate peaks then decreases dur1ng the life span of each ; ’
-individual, the average age of a_gjvengpopu]at1bn can p]ay a role in birth

3

‘rate.’ | e : - ' :

- COTNER T e ey
. | o i, - ’
’ " '{\w. . . » *
'y‘ - 5" ¢ "4
~ | « - "> .
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o - Preditors and disease serve to Sh0rten the. ]ife span,of the *ﬁ&i‘
' !

1nd1V1dua]s of any g1ven popu]at1on thereby shorten1ng the reproduct1ve'

L

span leading to fewer progeny. The1r 1n3ury can also debilitate and lead

~

- o to a lowering 6f the birth sate T

q" D1str1but1on of any popu]at1on a]so plays-a d1st1nct1ve role

LI e T
‘
e

- ©oin popu]at1on growth and regu]at1on Any given area is- capab]e of
N : produc1ng suff1c1ent food supp]y and nest1ng ardas for a part1cu]ar s1ze :i

;, L
*

-of popy]at1on. When this is exceeded the food supply and nesting areas =~ |

are'inéufficient and the birth rate in turn declines. If not, the area .

. of d1str1but1on is expanded and must be shared wi th other popu]at1ons /

— H

Pred1tat1on, remember, increases as the. d1str1but1on increases, aga1n -

]ead1n§ to growth regu]at10n C d ’-m o
. v :
}~ The popu]ations aTSo have other direct re]at1onsh1ps to each }

T ' ‘other %n add1t1on~to those seen in growth and regu]at1on These . i
. . ;

!

reJati nships arg grouped into severa] categor1es of’wh1ch, we W1]1 exam1ne i 3
f k4 ‘; H

the f ]]ow1ng Symb1ot1c, saprophyt1c, conmensaﬂ1t1c and Dara51t1c

A symb1ot1c re]at1onsh1p is one *where two d1ss1m11ar organ1sms

K

. / i
* ", .1 Tive #bgether in harmony

i » l

1
b

P
‘A saprophitic organ1sm is one whichi obta1ns 1tssfbod from dead

o ’ ‘

i
! |

x C organ{c matter (another organ1sm) .
!

B sk R

Pt A g

And a paras1t1c re]at1onsh1p is one, 1n which one of the two
b B d1ss1T1]ar organ]sms ]1vang together 1s benef1ted but the other is harmed

"1 These re]at1onsh1ps can be 1]1ustrated as fol]ows fw’j" ﬁ*ljgl

J
! |
' o o : : : _ 1
‘ o : * . . . . : .“ P -“z
}, , ) . .
w %
i
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4 . % .. . §
Commensalism: The cow stirs up
* ~insects for the geese -

\. ~ { T

Parasitic Rglation '

¢

NN
v .
v
”

Naturalism: . The bird eats the
parasites off the back-of the elk.

"\\‘ ‘

hd .
°
-
N -

M )

The sea lamprey ;1ives by sucking
the blood of the fish, eventually
killing it. T
. .
- . ;oo

.

-

) -

~ The mushroom is deriving it's food’
from the dead tree on which it is
growing. _ o v
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occupation within the_community. Also a system of dominance is set up

. kxamples of thisicanvﬁe seen everywhere in nature

¢ S ' o
. As several populations live together each develops its niche or

C -

':whe?e one“of‘more:(co-dominante) populations control the community. 'In

- .
» -

this type of system each population takes its p]éce in the food chain or -

energy flow. ' -, -

populations Within a community and can be looked 3t eé a response to stimuli.

The hiss_of a cat when
) ) 9 )

approached by a stranger, the folding of some plan “leaves on touch, the

T .call of a duck}! nd the color thahge as fruit ripens,, are all examples of. ..

' communi cation not gnJy w1th1n a popu]at1oh but tween the popu1at1ons

k]

From t?e prev1ous d1scuss1ons of arious forms\\} popu]at1on : 53'

A

1nteract1ons it %hou]d be”“5v1ous why popu]at1ons do not 1rve in isolation

'

from other popuT%t1ons Just as an 1nd1v:dua] re]1es on other 1pd1v1dua]s _

'for support in 1afe popu]at1ons sﬁbw the same dependence on other '

i
¢ .
]
popu]at1ons. {é erefore, conpatab]e groups of populations ;nteract to form
|

3
.D
-
1 ' '.
‘; .

A com%unwty can be described as,

’(

communlty 11 fe.

B ,v ;
4 - o
1 .
5 . o

a group of 1nterdependent’

Community.Life:

¥
J
) }

populations wh1eh have colohized a 91Ven ﬂocatlon A commhn1ty 's survival
13 ) \ i . i ! o

-'is dependent on?env1ronﬁ?hta1 cond1t1ons pn that ]ocat1on ¢ Therefore, as

IR
cond1t1ons chan?e the commun1t)\chaage§ New popu]at1ons appear, the old”

a, . <
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disappear and the overall changes in t%g community determine its survival

. . _

due to massive'ﬁopulation ihterfe]ationshjps within the community.

As briefly mentioned # the discussion’ of populations,

community Tife is controlled by dominant poph]ations. bominance §houfd

-
-

not be confused with prédom1nancel Thevpredomihhﬁt poﬁu]ation in a
conﬁhnity is simp]y'the one with the greatest number. The dominant population
on the other-hand, controls the'communjty environment and thereby other

bopuTations wh{ch may enfer the community. An example of dominance éan bé

__seen by ‘the following:

e
-~ . N N .
; !
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Control of the community can also be split between two or more
' c . - . °
) ¢ \‘ .L - - -
- populations. When-‘this is evident we are Tooking at a system of -
: co-dominance. Ar example of this is jFlustrated below. T
. ) v , L h ’ ° .
: »‘"‘5‘ v ] 1
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Living- communities are continually changing to meet with'thq

requirements of a changing environment.
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New populations move in and old
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This community CThange=is termed succession.
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. As~sutcession of a community continues a more ‘%Ed more stable .
. b - (RN Y > I . .
N . . . \ . i . ..
and more complex community is formed. An end point of sorts is reached *
. . . . ¢ 4 ’ \ o
“when the community. deVeTops into a stable, self-repairing systém. This o]
- “r - T ' «
~ . . - ! . - l‘ . *
L ) then is. termgd a climax comnun&t_y. An examplé& of such a community is
- * ‘ 2 - » . ~ .
i1lustrated below. S : ' ’
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Eco-syStem Balance ' » - -
_//‘ “ale have- a]ready examined food supply, birth rate, popu]at1on . j

.distributipomnetc. as they re]ate to growth and regu]at1on of the popu]at1on

Now let us 1o k at them as they relate to ba]ance W1th1n a commun]ty and an ;

he food supp]y for any one population is on]y a part of ‘the ) ,‘
mass1ve food web of the commun1ty ﬁood,was energy, flows from~one ‘population }
. ‘z 4 '

to andther. As illustrated in the food chain, the plants use the products

- from nﬁcroorganisms, the herbivéres éat the plant materialé, and the

»

 also p]ay d1st1nct ro]es in eco-sysﬁem balance.

\
.with 1ess diversion. ] g } . L

carn1vor1ous population consdme the herbivores and other sma]] an1mals . Any

2

break 1n this cyc]e endangers the ex1stance of the ent1re commun1ty Seasonal

changes a]so he]p regu]ate the ba]ance of the eco-system. ‘In Many communit1es

e

populations change with ‘the seaéons ., This is ma1n]y§ﬁhefto aJterat10ns in

These changes are also cyclic and resu?t in ]1tt1e,

if any, permanent env1rqnmenta];changes However, ba]ance of the’éco sgstem j

de%per:ds on these cychc»changesj | ; o {} : }
"Population” d1vers1ty aTso ‘adds stab111ty to the commun1ty eco- system.

A more highly diverse cémmun1tﬁ is_ablewto w1thstand gre;ter e%v1r0nmenta]

temperature -and 1ight.

E

!

changes without adverse]y affect1ng ¢he 1ntegr1ty of the community than one /
2 } X H . .?‘, . }”

’ i

{
i
The birth rate,‘lffe span§ and loss through pred1tat1on and d1sease

>}

As ]ong*as the phys1ca] '

state of the env1ronment rema1ns coristant, 1t is thé?ﬁ factors which keeps

“ : 3
H * ,': " , #
,

the b1o]og1ca1 systems %n ba]ance.

"’/ 3 . '
S0 65. . ~
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e "1 3n the,following illustration, . T ‘ : :
&
o ° : j
~ - i
- P
f—ﬁ!-m‘
- -
N '
4
) U
{ -
L




C , v J
~ -
\ - P Page 11 ogf 12
TN ° — e
A S Lo,
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- In the\;ourse of h1storv,/man has exerted both pos1t1ve and
. A% _ ——— - S S
. % - negative effects on the surrounding: aquat1c eco-systems. Unfort‘unate]_y,
S ; it has been the detmmenta] effect which have bteen pubhcued Th1s,w1]'|
L. " be d1scussedllayunder pollution. ... a
w ] g) . The beneficial effect of man can be looked at in two ways. .Man
¥ g :
’ b ois capab]e of bemg a positi ve force. in natura] regulation. This can be
#
' g
¢ p ﬂlustrated by the fo]]owmg s1tuat1ons 4
- .
&. ‘
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Man a]§6$is capable of disrupting natha1'yegu]étion to the

4

. 3 e .
benefit af community or any given popu]qtion. The following situations = -

.

~illustrate this concept.
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o WATER- POLLUTION - _ R

-

.Since life is 1mposs1b1e‘w1thout ag adequate supp]v of fresh
water, man's act1vlines have always been éentered around this precious
conmodmty. Records as-early as 2000 B. C. describe methods of pur1fy1n§
F water and modifieatjons of this continues through today water; howeven,
has not. always been~considered a ]imited commodtty There has been many
instances in history where man has s1mp]y moved on when his act1v1t1es

fouled thewwaterﬁto the boiht where it was no longer usable. Today's

society has forced map to recognize the value of water, conserve its use, .

* and rec1a1m its qua11ty before returning X to the environment, Fa11ure
to reclaim used water ]eads to continued fou11ng or po]]ut1on of the .

“environment which can no 1onger be to]erated=>' ' . )/

A

Pollution 1s a term which can be applied to all phases of , the

L

- env1ronment including air, water, noise, eté. Po]]ut1on has been defined

‘1n-a var1ety of terms throughout%Qgstory. Many times jncorreot]y where

»

emotions took precedent over rational. The most commonﬁy acceoted definition

- ' R :
today could be worded as follows: =~ ~ = | / \ e

Pollution: The intfoduction of a substapce-into a- , .

"+ valuable community in such concentration that one
S - t .
or more environment changes occur causing an adverse-

effedt to that community.‘

* -

This def1n1t1on can be - 111ustrated by 1ook1ng at any type of po]]utant ’

Let us look at the sqtuat1on w1th water




LI

Historicaﬁly, water-pollution has been'proportioﬁal_to the

<

* development of human society. Primifive man, wandering alone or in small

-

. groups, créated little pollution effects as nature ébu1q readily decompose

the potentia] pollutants he created. with-the advent of commUna1-soc;eties

and eventua]fy the 1ndustr1a] revo]ut1on these potential po]]utants reached

I

the cruc1a] concentrat1on and began adverse]y affect1ng the surround1ng )

environment. Commun1t1es were required to change or become extinct.

From this*it s ev1dent that-some” type of - contrel”of the dump1ng

A ]

Also, water use c]ass1f1cat1on became
0

necessary as our lakes ‘and‘streams were being forced to the limits of their

of po]]utants had to be deve]oped

. : . ‘ +
self-purifying abilities. Since our surface ‘waters are'reused several times,

b4

1aws regu?ating the use of these raw watérs and the dumping of wastewater

el

17to them were created.
The regu]at1ons governing wastewater disposal allow for someruse

of the rece1v1ng waters “for f1na] pur1f1cat1on’but the maJor1ty of the - ;

\Fdegradat1on is done art1f&ca]]y in treatment fac1]1f1es in order t protecﬁﬁ

the communi ty ]1fe of the receiving gtream. This can be illustrated as

foilowsé

-

Reclamatibn

Reuse
/ Advanced VEEES -
{

//Cbnvent1ona]

uality

rq.

Public Supply

‘Industrial
and Domestic °
~ Use

Water
Dilution .

" MWate
Treatment
Treatment
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—
b m O e o

l
I
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Progression of use
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Surface water will vary #in qua]itj'due'to naturaly occuriﬁd“ T

>

pollution as well as man-made probﬁensﬂ

Theréfore, it has been neEEssary\\\\>\
tect

to regulate the qua]1ty w1th respedt to use of raw waters 1n order to pro
?-

man from harm1ng h1mse]f even further \ These regulat1ons are based on
intended use s1nce a h1gher 1eve1§of po]]utants can be(gﬂ]owed in a potable '
water supp]y where the water will be’ treated before. consimption’ than in 2
she]1f1sh harvest1ng area- from whﬁch the, she]1f1sh are ofter’ eaten raw

This “can read1]y be 1]1ustrated by exam1n1ng the maximum allowable 1imits

-~

for colfform bacteria in the var1ogs intended uses.
P ’
» : ' /‘ , . N
Potable water -“/100 m]§.
Shel1fish harvesting - 70/100 mls.
. Recreation_- 1000/100 mls.
Fish & Wildlife phopagation-- 5000/100 m1. -

.

Raw water - 10,000/100 mls. . : U

’

= . 3
[ / ‘<
!

Water Po]]utants T ., T " S

The types of water po]zutants can be c]ass1f1ed in a var1ety of °
The fo]]ow1ng d1scuss1on w111 Took at rhemxca] po]]utants b1olog1ca]
a
po]]utants, and thermal po]]utants with Yespect to sources of each and the1r

Ways.

d1rect.and indirect effects on the surround1ng conmun1t1es Some of “the

. major po]]utants, their sources and effects can best~bexsummarized"as follows:

.

[ S
7 T
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Chemi cal

»

;Po]1ut§nt Type

, . H .
Major Sources gt
- K

u-bcdhﬁinﬁed on;ﬁgXt‘pégg -

v

<"

-Primary Effects .
Nutrient Nitrogen and Agricultural runoff Algae blooms and excessive -
. Phosphorous Domestic wastes weed growth A -
Compounds Industrial wastes b A
., N . ? . } .
™- Non-degraded Inorganic Mining dra1n%ge Turbid?ty which #nterferes
Materials Suspended Land eros1om with photosynthesis and
. Solids . ) ‘ blanketing which smother
N - bottom life activities
Oxygen Feedlot runoff Depletes dissolved oxygen in
Consuming Domestic wagtes receiving waters thereby
- Matter . Industrial wastes stiffling aquatiici 1ife and
R e i producing unpleasant tastes
. : . . b and odors. | |
‘ T— . ‘ i . o Y 4 /. Coe
+ Toxic Acids and Industrial wastes -Fluctuations in:pH eliminating
Materials . = Alkalis Mining Drai age 1ess to]erant species -
Nitrates " Agricultura]l runoff Nitrate po1son1ng 1ead1ng
Industrial wdstes go ‘death Of infants and
: : N . DomeXic wa%ﬁes : - animads .
g Ch]or1des " *Industrial brines - Tast 1mpa1 ent and
and ’ Urban street laxative eTtects
Sulfates runoff (w1nter) . ..
Heavy Metals | .. Industr1a] Mastes. ‘ ) Toxmp to humans '
. L i.e. ‘Mercury & Mercury: Comgound stable and .
B Lead - ; ? : cumulative
e | y 1 . ) Lead: Inhibits bacterial
- r'°(. e T decomposition :0f.organics
72 j , l‘:"f J. . . --:: :;7‘ .‘ e, ; . ~
. _{\ . R Y . _'.3;; N . —t X N <, T -
~ o, ¥, end”
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“f. .
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Pollutant Type,

Major Sources

Primary Effects

Biological

Micrqorganisms

Pathogenic‘\\
Bacteria _

" Domestic wastes

Feedlot runoff.

A}

Disease Transmission

—

<
)

Algae
Blooms

|
Side fftxt of
chemical pollution-
(nutrients) or thermal
ollution

Increased depletion of
dissolved oxygen leading
to stress of other aquatic
life .and produyction of
taste and odor-producing
compounds .

‘I Higher Plants

and Animals

)
]

Decomposing
Aquatic - -

1 Animals

Side effect of
chemical pqllution
(depleted axygen or
toxic mater1a15)

Putr1f1cat10n of stream
or lake

Exce551ve

"I Weed

Growth

-

\¢é

&

Side effett of -
chemical poliution

- (nutrients) or thermal

- poll ution

)

Increased depletion of.
dissolved oxygen leading
to stress of other aquatit.
1ife and production of
taste .and odor-producing
compounds

1

Heated

Water

Discharge

Increase in

natural water °

temperature

i .-

"Industrial; and power

plant cooling waters

L4

Accelerates depletion of
dissolved Oxygen, growth of

. |-blue-green algae blooms, * -
. }ataste and odor production,
- and’stress on oxygen dependent

aquat1c 1ife..
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Correcti ve *ures ' - _ .

Questions are cont1nua1]y ra1sed as to what can be done to correct
"the pollution prob]ems man- has created A]so methods of determ1n1ng to
what extent the po]]ut1on is a]ter1ng the commun1t1es of the lake or stream
,are be1ng .investigated. L
" . ﬁ ° N N e
‘ . As far as man is concerned, little can be done to correct the

affects of those pollutants already iftroduced into the lake or stream.

Prevention of new pollutants entering is the best corrective measure for
" already polluted and still.clean waters. = ° e

- This raises the quest1on how can man determine 4f the potentially

pol]ut1ng wastes are in fact pollut1ng the Take or stream? A var1ety of
£,

biological 1nd1cators have been deve]oped to aid in this Qetermination.
Researchers have examined communities. before and after pa]]utants have
entered and found that the populations in,the cormun1ty react differently -
to the various pollutants. As the”po]Jut1on concentration increases the
populations of the less resistant sﬁecdes are decreased Teading to an increase

<
of ‘the more res1stant spec1es 1f the preditors are e]1m1nated by-the

po}lutants There are otheracases of’the more' reggstant spec1es increasing

4 .
o .8

s
in numbers due tqﬁless compet1t1on also. Whatever the ,underlying reason for |
b . S

th1s,1ncrease the’cause is the pollutant concentrat1on. N

Lakes’and streans'natura1}y will attempt to ccrrect'the poﬁ]ution
effects. Dilution plays a‘major role in ‘correction of pollution prob]emsa
As the concentration decreases sensitive popu{ééiQnsfreinrn. Communi ty

-

balance then is restored and the pollutafts can be effectively reduced.
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Transpa:‘ancy‘#l The’ Naj:er Mo]ecu]g
Transparancy #2 the dero]ogic Cyg:]é
Transparancy #3 ;:ood Web'

Transparancy #4 Nitrogeﬁn Cycle

~ Tr»ansparancy #5 Carbon and Oxygeﬁ Cycles

Transparancy #6 F;roblem Solution

Transparancy 48 Drobleh So]utwn
‘Tran.sparancy #9 Succesgjon

. Transparancy # 'O-Domi"nanﬁg, o .
Transparancy 11 Co-dominati-on . .~ .

Transparanc_y #12 Mafﬁ'a Positive Force
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Transparancy #7 Dai 1y~ Cyc]es m Natura'i Waters
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Module No: . Module Title:

. Natural Systems

Submodule Title: ¢

APPréx-‘Tfmek Primitive,ﬁtates of Nature

-1/3 hour EVALUATION - Part A

i

Objettives:

Upon comp]et1on of this modulé the part1c1pant should be ab]e to correct]y answer
75% of the fo]]ow1ng ava]uat1on quest1ons

Evaluabion Questions =~ "

~

Choose the'best answer .

£

'i.‘ The water mo]ecu]e }s ‘chemically abbreviated o
| 210
.‘HOZ
‘:- H,0
~ Halp
gAs water” freezes, 1ts dens1ty

§
) . _a. Increases

biﬁ_f_p. Decreases
‘ i c. Remains uneheeged\ y
5. in the:nlzzggen cycTe denitrifying bacteria
T 5 a.’ Convert atmosphemc Nz to NH3 .
b, Convert NH3 to atmogpher1c No
_____p:v Convert NH3. to N02- ~ .
& Convert gy to NH3, e o

Green p]ants g1ve off . as 8 gaseods bproduqf of photosynthes1s ‘

a. Oxygen
b. ‘Carbon d1og1de

Carbon monox1dé

x.~Hydrogen
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- 5, Herb1vors are amma]s~whose diet cohs1sts ch1eﬂ).'.or enti re]_y of v
_____a. Decaying plants ahd» am'ma]s LT i R q i* Y )

b. _Small animals s et

| ¢ Industm a] sewage | ; .-» R F AN
ds ant matter 2T, . wo BERTRREN
6. The hy&bgm c_yc]e _ " . ‘ ‘ ,,‘ é . .".":-zn |
a. I the cychcsmovement of thek earth s sahne water supp]_y i J

b. Is- the cychc moyement of the earth s?ﬁesh vfater supply ks
h\

C. Is the cycf1c movemeft of the earth S hydrogen shpp])@

0

Which is nob a. ty;xca] fqixd cha1n prog;esswn .»‘ - ", ::? . o
~_as Wheat bull snakes ¥ mice ~ - \ Fo
’ 5 - . . . - {:\
b. Plants ¢ . deer:  cougar . e N e
- . B, o Ty y
c. Corn ‘.mice cats , IR '
< . ] ) . v
d.- A]gaef,& p]ankton © fish . '*\ . g~
Which of the fol’;om-n re exam es of 1imiting factors o Ff;
S : Bt
a. - Depletion of tr1ent.asupphes e ey
/o K Y R C
b. Accumulation of; toxic wasté material » - R N
. T ‘ ,: - ’ “f ¢ - 2 ‘. T Y 4:5:‘ t
¢. Preditation » oL ks .
' A
_d. Disease ' » - ‘
9. Solar rad1at1on,‘co]or, and turb '
. - : A & i
a. True o ' “ . ol o
.\ . > . , . . . ~
‘ ¢ b ' S s - ~ - - & .
. b. "False < . 2 s - Lt ¥
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' ) p 10. Natural waters can be “defined as: Water as it occurs im its natural
*i state, usually conta1n1ng other solid, liquid, or ‘gaseous mater1als
in solution or suspens1on. . . . ‘
N AN ‘ . ‘ -
K . a. _True - . S
, b. False. e R )
- \\ - . ‘
’ " 111. The annual temperature cycle of a lake takes into cons1derat1on wh1cH\of
: _-the following: . :
’ a. Light absorpt1on A . »
E— . .
’ b. Heat dynamics REPIEIR ,
_ c. Density-phenomina'f )
K “ § ' d. - Wind action - : s o
s az .jb1m1ct1c Takes are. ones wh1ch have a maximum temperature of 4° C.
- 1 * . .
S £ _a. True . : N i |
) b. False- S | R
AU S - . 2 . \
13.-" Dissolved .oxygen levél is generally in an old 'slow mbving.stream
" than a young rapid moving supplies A : .
‘ ~__a. The same as o .o U ‘ 1
L 3 . . L\ ‘ ‘ r C e / \
« 2 L i .
b. Higher . . . Ca
g : R Co
, ] c.- Lower '{': < T , .
R -1 N R . . .
© o . 14.- What is the effect on pepulation diversity as a«stram ages.
o %;s Y a. Population diversity increases ' S
- ' _b. Population-diversity remains constant -~ - L _
. > - i - \' ‘v 1
At -, L. Popu]at1on d1Vers1ty cant1nua1\g decreases
. e d... Population diversity increases for'a: tlme then beg1ns to decrease .
, ;. as' the stream gets old. , = . . . ‘
— | 15.. An. artisian aquifer is the same as an unconfined aqujfer. o, ]
. i - . * ) . ' .~ /..' 4 s 5
LT Ty _a. True \ e s
N ___b. False 97 .« : g
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’ . 16.. A good water beaping formation has -high porosity, permeability, and
‘ transmissibility. e . .
Y an True ﬂ SO -
X . R V1 s N . . *
.y ~‘ ...____._.4 .. ] I/v .4 ‘,/ , . N
PEE ‘b, -False . N .
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Topic: " \ « i

LRIC

L A

[S

o] 'EVALUATION < Part A - - - I R
- Instructor Outiine: o -4
. ! o ’ - ) i .-' . N . “ > .
- The instructor shall give the participants s
Evaluation - Part A after completing Natural
E ‘| - Systems - Primative States of Nature. '
o ' ' ' ) .
- ‘0
[ : '
. ‘ ‘ * f d
. ., . .
M ! N . ' v
. * m— ) - "
B 4 . . '-_ L4
\/
(a1l are correct) - = ;
S
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Moduje .No: ~ ‘F' Module Title: - ‘ N )
. - . ! . T s . .
~ | L Natural ?ystene . ’ R .
T i Submbdu]e_Tit e: - 7 ot . - P
Approx. Time; . Aquatic Eco]ogy ) .
" .Y .
¥
" 4/3 hour EVALUATION - Part B , S )
, \ ' . =T o
0b3ect1ves . e e T
Upon comp]et1dn of this modu]e the part1c1pants shou]d be ab]e to torrectly answer
75% of the eva]uat1on questions. . o
Evaluatioh Quest1ons - e . ' . o
Choe§e the best answer ’ . B : » . , D .

1. H1gh b1rth rate comb1ned w1th an- extended ‘ife span can lea to

a. - Ext1nct1on-

-.b. 0vennopu1ation A
c. Stabilized pepulation . o S - i : ,
«__'d. None of the above : - o ' /}>/
.21 Conmun1t1es are ‘formed due to the~1nterdependence of the var1ous popu1at1ons
_____a: True . ' \ - L ‘ ®
. . \

\13 __'b. False _ - 1 | i . \' .

3.. Which of the fo]]ow1ng term1no]cg1es represent some form of 1nterdependence @

between popu]at1ons .
- a. Paras1t1sm . R
b. Mutalism , ’ : ’ ~ L
A . v N
\\\v - ] | 7
c. PredItation ) , . . -
. . . ¢ ’ ] ) . . h
’d, Mat1ng .. T ) ‘ ) Coe .
4. Communication can take place only within a given population e e
a. True . o . e .. T e
b. False : . . SO L
' - s . ‘ r's 4 .
' ’ ¥ g
’
! ® -
IOU ) ) -
-~ ¢ 3 4 h L <
1° 4 ‘

A}
ae
v
~
»
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5. 8uccess1on can transform . ‘
. | a. A rocky h1]]s1de into a so1T capab]e of support1ng trees and .-
shrubs :

" b. A ]ake 1nto 1and capable of i:?pﬁrting trees- and ghrUbs;

* \

. ¢. Both a and b

6.. Co-dominance of a cammun1ty can be def12ed .as .

» ™

"Control of the cOmmun1ty S env1ronment by 2 or'more popu1a§1ons
. b. Two of more popu]at1ons haV1ng the same 1argest ‘numbers
’ . I -
c’ The 2 1argest an1ma1s of a commun1ty by s1ze <

7. Conmun1ty succession is a naturaT'process \

. : N ¢ :
a. True : ) e

—
-~ .

BN ‘ b. Fa]se( j\ L "<:' ' . :4: T

8. Which of the following. env1ronmenta] changes can upsﬁiJa success1on
* pattern? |

-y -
a) ~Dramatic change in flow of a-stream ' '

e - b, A fire wiping out a 1arge forest '
c. Man danmung up a river ST _— ( °

9. L1m1t1ng the food sipply of 1 popu]at1on-has ‘the capab111ty of ]1m1t1ng'
the growth of the~ent1re commun1ty )

a. True ' . ‘ B
____b.. Fdlge
10./'Pbpu1étioh diversity
* __a.*Creates instability-ih a qunmnity ecosystem
____b. Adds stability.to q;conmuhity ecosystem

c. Has Tittle effect .on a community ecosystem
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. _‘ . "’ ey -
p . * v ! - . o - “ b
o ) 11. Seasonal changes of a conmumty,ecosystem is ma1n1y due to ohanaes in
temperaturev and 'hght
“ - ’ . ) !
) a. True . . J T e »
» . # e . - P v
. . b. False E . : A
12. Seasona] changes o°F a community result in major permanent environmental
changes. ) - “ LN~
, ' - VA A N
‘ T~ a. True S _ . ° '
'\ : bf:\ False
,(g 13 - 16 .Effect of man { ’
" 13. Man is always a detrimental force in community ecology. , . e
« .. a. True, )
. . ’ v b. False . - .
\ . —— ’ o R . . . L .
14, Man's chief effect on an ecosystem is to . - & ' Y )
. A . ' . . , " P . x"
a. Make it more comples . e
. . — ~
. “ ¢ . . . o . - ° . - .
= ® 4 b. Ruwin it K Dot .. \ i
- c. Simplify it " -
5 . ) “d.- Introduce stress s%nsit'i ve plants’ .. ~
. . . - ' ‘e [N . N \ .
. .} 15.- Cooling tower‘s are used to
r ,
. - - a.s Ehmmate the need: for a stream or 1ake
) X b., Reheve ther‘mh] 1oad1ng of a stream or 1ake | -
. . = c. Contro] chemwa] po'l'lutwn o . :
‘. '. ’ F = - - ] e
' . = d. Ehmmate a]gae growth o
. kS . , B \ a . - -
- P," .a : ' 5
; [ - - ‘v . o ) ', - ! ,
. ,. . i . ‘: .
A ’ : ¢ .. P, q o i . .
.4 . y, s . ‘rl' ~{ . . ‘ - »
‘ o /‘ s e Oz T T . . , :
) - * . R ‘, l, . . -
N . - » I - . . -
) PR , ; o
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Module Hox Topic: S L. : : ’
' EVALUATION - Part B T . ’ o
Instructor Notes: . )' ,antmétor*~ Out‘:ine:‘; S .
- ." . i 1 - . )
. ' " The instructor shall give the participant —
T, Evaluation - Part B after’ completing Naturai,
. Systems - Aquatic Ecology. Lk S
‘Answers  * . , C . N "
"2, a PR i ot ’ -
3. a, b, &c~ : ,
, ¢
4. b . — N ) i
5. "¢ - . " = e
I's . - ‘ $ .
6. a . ) - \\
7. a - - - N ,
8._ a’ b’ & C = ) ) ...
9. a : - ' 4 ’ 'y
10.. b v : T )
11. - a . ‘
2. b . S S e
13. b . ) ' o -
\ . . . -
14. «¢- N ! : N
. g p -
15, b - ’ : . .
o ® N * . -~ IIQ" *
. l: ) ) . i . i . _:’u v LA - ..-‘




¥ - Page 1 of 5
q‘- . - . . . ) ‘ > ) -
Modute No: .. | Module Title: : . :;/, LU
- - ' h - . . ;0 .. M -’ . s
' Natural Systems —_ ] «
. N Submodule Titler .~ - . o . "
Approx.  Time: *. | Water Pollution ) . ' ~\f’ .. W
173 hour!_"“T":'§VAEUAT$QNzT:Part'C ' - ~‘ PR
“Objectiyes: b . ' - -

Upon conﬁ\e%1on the part1c1pant shou]d be ab]e to correct]y answer 75% of the
following eva]uatl\p questions,
e e = s

Evaluation Quest1ons ‘ o ‘ -

.Choose the ‘best answer” ~ : N S s
-i.; Poi1qtion-caﬁ a’lso be termed as: e R
_a. Enhancing the environment’

e . ,
b. Stahilizing the environment o

o

;F ' c. < Fouling the environment
d. * Studying the environment " .

¢

2. .Water.po]iution is proportional te the deve]oﬁment‘of human society

’
- i
\ - 3

a. True
" b, Fa]sg“

3."Industria1 wastes are major cou;ributors of which bf the fo]waing pollutants

___ a. Nitrogeqﬁand phosphorous compounds - B .
_____5. Iﬁorgan?c suspended solids ‘ _ o >
’;____p. Aéids and alkalis N |

' ____d. ‘Nitratgs o o ac . ) . j " .

.e. Heavy ﬁ%tals . y v

f. Pathogenié bacteria ° )

'* ___ g. Thermal increases : g




<’(

e

4. sA]gee.b]oom.s are a side effect of o
\’ ;____a.@_Nutrient po]]uti.on' | -
T b, Winter, >
y : \\] /
c. IrBrgamc suspended solids po]]ut1on
Q _______d.‘ Sulfate and chlori de pollutien N '
5. MWinter street runoff is a major source of \mor1de and su]fate-.,
poHut1on ‘ . -
a. True ) - / L & °
___*_b. False o '
6 Match the po}] utant t_ype w1‘th the primary. effecta .
a. Nitrogen and phosphorous compounds 1. Fluctuati ons in pH
sb:  Indrganic suspended s%hds * 2 Infant paisaning
<. Heav_y meta]s . > ‘.’3.. Turb1d1tv 1ncrease
d i ds. and-aJka11s 4. A]gae ‘blooms”
____‘e. Chlori des and su]fates 5. Laxat1‘ve effects
____f. 0x_ygen consu,ming'matter .q 0 ‘ - 6.: Depletes o}qygen supply
+  g. Nitrates ) . ' 7. Toxic to alT humans
‘_7. Turb1d1t_y - * ~ ) . ‘
' a. sInterferes w1th‘ photosynthesis h .
__;__b. Is unimpo‘rtant as*a. pollution effect ‘
____c. Smothers bottom Tife activities$ -
Py Rl - : - ..
s d. 'Both a and ¢ . 5 »
' Yoo

-
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oo ’ ‘ ., /S . s v . . ¢
' ‘ (8. Depleted oxygkn supply -
N \ {‘ . ‘e . . :q- ¢ ' »
- - o a. ptifles aquatic.life S o -
R ft q , | )
PN ). .. b. Stimulates squatic Wfe _ . L
k ' S ' ( ) o .
N ’ _c. Creates algae blooms, , ' . )
AN . ‘ / d. None of the above , : ( - .
. - 9. _Excess1ve weed growth ]eads to what‘2 of the fo]]ow1ng ffects V. ’
. ) J o ]
o ’ I a. Transm1ss1on of d1sease‘ \
‘ ’ ) b. Infant poisoning ,
N ) d ! ~
c. Increased dep]et1o~‘bf d1sso]ved oxygen -
t N d.. Taste and odor .production
- 10. Which of the fcﬂ]owing-can be termed a direct biological poliutant ]
- \\ . \ . -
® i] . - a. Algae blooms S - . N
' : T~ ' . - ) A
b. Pathogenic bacteria * | .
' ."* c.” Decompesing aquat1c animals ‘
_— I W
_— d. E(cess1ve weed growth ’
11, The best corrective measure for bo]]utjbn 4s prevention.
/ ' h . . S o ."
‘ . ¢ - _a. True ) '
, , . b.. False -~ - , ’
. : . . . R . \q
- . | 18 Dilution plays only a small part in stream self-purificatign.
. . ___a. True ) '
_&- b, ‘False \. Oy S .
° 7 . 43. Immed1ate1y fo]]ow1ng introduction of organ1c wastes 1nto a rece1v1ng o
| . e B r1ver~there is a zone of -
: i . . . . [ - : 4 A . -
S . ) - a. DegradatTon L : : .o . o
t N E b. ' Decomposition A ) .
7 s 4 é;“ . ~ "’ - . . . . «
Loy L . c. --Recovery 3 . R NN
;ERIC J- % . x _

- ~ d. Cleaner water.
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14, ;Oxygeghsaé,is proportional to the’amqun; of organic waste int?oduced.‘

. .. ,

a. True ‘ . e :
- b, FaTse Con - T, o
" (\? . St . . \' .

15. MWater reuse is : : o R

‘@, Not necessary . " - R
S >sary ‘ ] ' ] P
v b." Is constantly. occurring ) o> C
] c- Can only be done, inural communities
1] . - . . . 3
d. Will only begin if the.rain stops
. i ey ) ; O -
° k N ( -
) ' . \
_ ’ - y .
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Module Ho: . .| Topic: - o - T R )
P EVALUATION - Part C ' e e o :
. ' 3 e ot , ~ <
Instrqctor Notés:~ - . { Instructor~Outiine: = - v Q\w\__,./ |
JoenTe Rk The ins;ructp% shall ‘give the participants,.’ . -
. | |- Evaluation - Part C after completing Naturs L

3. a, c, d, e,
N N - .
4, 3 .

1 5. 3 -

- L

1.6. a-4

1 o
Tod- 7
| -5
y f_:G)
ez,
7. d a
'. 8. a .
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